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ORIGINAL RESEARCH

Tocilizumab decreases T cells but not
macrophages in the synovium of
patients with rheumatoid arthritis while

it increases the levels of serum
interleukin-6 and RANKL
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Vijay Joshua

Anca Catrina © 12

ABSTRACT

Objectives Our knowledge about the effect of tocilizumab
(TCZ) on the synovium in rheumatoid arthritis (RA) is
limited. The aim of this study was to investigate the effect
of TCZ on citrullination and on inflammation in the synovial
tissue and in the peripheral blood.

Methods 15 patients with RA underwent synovial
biopsy before and 8 weeks after TCZ initiation.
Clinical evaluation was performed at baseline and at
8 weeks. Using immunohistochemistry, we evaluated
the expression of CD68, CD3, CD20, osteoprotegerin
(OPG) and receptor activator for nuclear factor-«B
ligand (RANKL) before and after treatment with TCZ.
We also analysed the expression of protein arginine
deiminase (PAD)-2 and PAD-4 enzymes in the synovial
tissue and protein citrullination patterns with the

help of anticitrullinated protein antibody (ACPA)
clones 1325:04C03 and 1325:01B09. Serum levels

of interleukin-6 (IL-6), IL-8, RANKL, OPG and C-
terminal crosslinked telopeptide type Il collagen were
measured by ELISA. Paired-wise Wilcoxon signed-rank
test was used to compare median values before and
after treatment.

Results Disease activity in patients was reduced
from baseline to 8 weeks. Although PAD-2 and

PAD-4 expressions remained unchanged after TCZ
treatment, the binding of one ACPA clone decreased

in the synovial tissue. TCZ did not affect the number
of CD68+ macrophages or CD20+ B cells but induced
significant decrease in the number of CD3+ T cells.
RANKL and OPG expression remained unchanged in
the synovial tissue. A significant increase in the levels
of IL-6 and RANKL was observed in the serum. This
increase was statistically significant in patients who
responded to TCZ (achieving Clinical Disease Activity
Index low disease activity or remission) but not in non-
responders.

Conclusions TCZ reduced synovial T-cell counts but not
macrophages. A significant increase of serum IL-6 was
observed in responders.
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Key messages

What is already known about this subject?

» Tocilizumab (TCZ), a monoclonal antibody against
interleukin-6 receptor (IL-6R) is effective in reduc-
ing inflammation and inhibiting structural damage in
rheumatoid arthritis. There is limited evidence con-
cerning the immunomodulatory effects of TCZ both
in the synovium and in the serum.

What does this study add?

» IL-6R blockade reduces synovial T-cell counts, espe-
cially in patients who respond to therapy, suggest-
ing that T-cell activation is a major target of IL-6R
blockade.

How might this impact on clinical practice or

further developments?

» A significant increase of serum IL-6 was observed
in responders, suggesting a direct effect of IL-6R
blockade and a possible monitoring tool of treatment
effectiveness.

INTRODUCTION

Interleukin-6 (IL-6) is a key cytokine in rheu-
matoid arthritis (RA). It is secreted from a
wide variety of cells including macrophages,
T cells, B cells and synovial fibroblasts, and
is regarded as upperrank cytokine in the
hierarchical cytokine network involved in
the pathogenesis of RA. It has a wide range
of functions, such as in B-cell proliferation
and antibody production, haematopoiesis
and T-cell differentiation.! * IL-6 triggers
the production of acute-phase proteins
such as C-reactive protein (CRP) from the
liver. In addition, it activates synovial fibro-
blasts to express matrix metalloproteinases
and receptor activator of nuclear factor-kB
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ligand (RANKL), which induces the differentiation of
osteoclasts contributing to bone resorption and bone
erosions.’ * Tocilizumab (TCZ) is a humanised mono-
clonal antibody against IL-6 receptor, approved for the
treatment of active RA both as monotherapy and in
combination with methotrexate. Its efficacy and accept-
able safety profile has been demonstrated in several large
randomised controlled trials, leading to its approval
from regulatory authorities.”™

The aim of RA treatmentis to reduce synovial inflamma-
tion and prevent joint destruction. Studying the effects of
different antirheumatic therapies on the synovium helps
us understand the mechanism of action of the different
therapeutic agents, but gives also the opportunity to
identify potential predictors of response. Previous studies
have shown a profound effect of different treatments,
such as glucocorticoids, methotrexate, tumour necrosis
factor inhibitors, on synovial cells, such as macrophages,
T cells and B cells.”"" Protein modification through
post-translational citrullination in the rheumatoid joint
is thought to play an important role in perpetuation of
local chronic inflammation in the presence of specific
anticitrulline immunity. It has previously been shown
that antirheumatic treatment can actively modulate syno-
vial citrullination."

There is limited evidence concerning the immuno-
modulatory effects of TCZ both in the synovium and in
the serum. The aim of this study was to characterise the
effect of TCZ treatment on citrullination and on inflam-
mation; intra-articular, in the synovial tissue, and extra-
articular, in the peripheral blood.

METHODS

Patient population

Fifteen consecutive patients from Karolinska Univer-
sity Hospital with definite RA, according to American
College of Rheumatology 1987 Criteria,13 independent of
disease duration, who failed treatment with at least one
conventional synthetic disease modifying antirheumatic
drugs (csDMARDs) or biologic disease modifying anti-
rheumatic drug (bDMARDs) and would start treatment
with TCZ were included in this study during 2010-2016.
Dose of oral glucocorticoids (GCs) and csDMARDs had
to be stable at least 4 weeks before entering the study. The
demographic and clinical characteristics of the patients
at baseline (=start of TCZ treatment) are summarised in
table 1. The proportion of bDMARD-naive patients was
27% (4 out of 15 patients).

Ultrasound-guided synovial biopsies were obtained from
knee (N=15), wrist (N=10) and meta-carpal-phalangeal
joints (N=4) before and 8 weeks after initiation of TCZ
from 14/15 patients.'* One patient discontinued treat-
ment with TCZ and was excluded from the study. Clin-
ical evaluation was performed at baseline and at the time
of the second synovial biopsy. Serum samples were also
obtained at these two time points.

Table 1 Characteristics of the 15 patients with RA at
baseline (=the time of initiation of TCZ)

Variable

Age (years), median (IQR) 65.6 (58.3-79.0)
13/15 (93%)
Disease duration (years), median (IQR) 4 (1-13)

RF (% pos) 8/15 (53%)

Sex (% female)

Anti-CCP (% pos) 9/15 (60%)
Number of prior csDMARDs, median 1 (1-2)

(IQR)

Number of prior bDMARDs, median 1(0-2)
(IQR)

Concomitant GCs 8/15 (53%)
Concomitant csDMARDs 4/15 (27%)
DAS28, median (IQR) 5.9 (4.7-6.8)
CDAI, median (IQR) 32.4 (21.2-40.6)
ESR (mm/hour), median (IQR) 34 (15-69)
CRP (mg/L), median (IQR) 11 (5-27)

anti-CCP, antibodies against citrullinated peptides; bDMARDs,
biologic disease-modifying antirheumatic drugs; BL, baseline;
CDAI, Clinical Disease Activity Index; CRP, C-reactive protein;
csDMARDs, conventional synthetic disease-modifying
antirheumatic drugs; DAS28, Disease Activity Score based

on 28 joint count; ESR, erythrocyte sedimentation rate; GCs,
glucocorticoids; RF, rheumatoid factor; SJC, swollen joint count;
TCZ, tocilizumab; TJC, tender joint count.

Clinical efficacy

Efficacy of treatment was assessed at week 8 by Disease
Activity Score based on 28 joint count (DAS28), Clinical
Disease Activity Index (CDAI). Patients were categorised
as responders if they achieved CDAI low disease activity or
remission (CDAI<10) and non-responders if they exhib-
ited moderate or high disease activity according to CDAI
(CDAI>10) at week 8. The reason for using CDAI and not
DAS28 was the absence of acute phase reactants in the
CDAI score, since it is known that TCZ has a direct effect
on both erythrocyte sedimentation rate (ESR) and CRP.

Synovial biopsy handling and immunohistochemical analyses
Synovial biopsy samples were snap-frozen during
ultrasound-guided biopsies in dry-ice cooled isopentane.
Serial cryostat sections (7pm) were fixed for 20 min with
formaldehyde and stored at -70°C. The sections were
washed with PBS+0.1% saponin and blocked with 1%
H,O, for 60 min at room temperature (RT) in dark. The
sections were then washed, blocking with 20% AB serum
before primary antibodies were added to the sections
was performed, and the sections were incubated over-
night at RT in dark with primary monoclonal antibodies.
The following antibodies were used: mouse-antihuman
RANKL antibody (12A668), mouse-antihuman osteopro-
tegerin (OPG) antibody (MAB805) from R&D Systems,
Minneapolis, Minnesota, mouse-antihuman CD3 (SK7;
BD Biosciences, San Jose, California, USA), mouse-
antihuman CD68 (KP1; Dako, Glostrup, Denmark) and
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mouse-antihuman CD20 (L26, Dako). Matched IgG
isotype controls were included for all markers. Presence
of citrullinated proteins was detected by using human
IgG1 1325:04C03 biotinylated and 1325:01B09 biotiny-
lated anticitrullinated protein antibody (ACPA) clones.'
For detection of protein arginine deiminase (PAD)
enzyme expression, we used one antimouse monoclonal
PAD-4 (abb7167, Abcam) and one rabbitantihuman
monoclonal PAD-2 (ab56928, Cosmo Bio Co Ltd, Japan).
After the overnight incubation, the sections were washed
and incubated with 1% horse or goat serum for 15 mins
in RT. Biotinylated horse antimouse secondary antibody
(Vector Laboratories, California, USA) or biotinylated
goat-antirabbit were used (for the commercial anti-
bodies) and the sections were incubated for 30 min. Then
all sections included C03 and B09 were incubated with
the ABC elite (Vector kit) for 45min in dark and devel-
oped with 3,3'-diaminobenzidine (Vector kit) for 7min.
The sections were counter-stained with haematoxylin and
analysed using light microscope (Leica Reichert Polyvar
2, magnification 25x). For each biomarker a minimum of
six sections were evaluated.

Evaluation of all immunohistochemistry (IHC) vari-
ables was performed by two blinded independent
observers (KC, ME) using a semiquantitative score on a
0-3 scale (0: no staining; 1: weakly stained; 2: moderate
staining; 3: strongly staining). We also performed a
global synovitis grading on routine H&E stained slides,
according to the three synovial membrane features
(synovial lining cell layer, stroma cell density and inflam-
matory infiltrate), the ranking of alterations being on
a scale from none (0), slight (1) and moderate (2) to
strong (3), according to Krenn score.'® The values of the
parameters were summarised and interpreted as follows:
0-1, no synovitis; 2—4, low-grade synovitis; and 5-9, high-
grade synovitis.

Serum analyses

After centrifugation of blood samples, sera were stored at
—-80°C until analysis. ELISA was used to measure the serum
levels IL-6, IL-8 (R&D Systems), free soluble RANKL,
total OPG (Biomedica, Vienna, Austria) and C-terminal
crosslinked telopeptide type II collagen (CTX-II, Aviva
Systems Biology, San Diego, CA, USA).

Statistical analyses

Statistical analysis was performed by using the Wilcoxon
test for comparison of paired samples, the Mann-Whitney
test for comparison of independent samples, and the
Spearman rank correlation test. Differences between
proportions were analysed with the Fisher’s exact test. P
values <0.05 were considered statistically significant. Strat-
ified analyses were performed based on clinical response
(responders vs non-responders, as described above) and
on seropositivity (RF and/or ACPA positive vs double-
negative). All analyses were performed by SPSS (IBM
Corp, IBM SPSS Statistics for Windows, V.25.0, Armonk,
New York, USA).

Rheumatoid arthritis

Table 2 Clinical efficacy of TCZ treatment. All values
represent median (

Wilcoxon
signed-rank
Baseline 8 weeks test, p value
DAS28 5.9 (4.7-6.8) 2.98 (2.0-3.8) 0.028
CDAI 32.4 (21.2-40.6) 6.7 (3.6-12.1) 0.005
SJC 9 (3-14) 1 (0-4.25) 0.009
TJC 10 (4-15) 1 (0-2.25) 0.017
ESR 34 (15-69) 6 (5-16) 0.001
CRP 11 (5-27) 1(1-2) 0.005

All values represent median (IQR).

BL, baseline; CDAI, Clinical Disease Activity Index; CRP, C-
reactive protein; DAS28, Disease Activity Score based on 28 joint
count; ESR, erythrocyte sedimentation rate; SJC, swollen joint
count; TJC, tender joint count.

RESULTS

Clinical efficacy and immunohistological changes

Disease activity was prospectively evaluated in the 14
patients with RA who remained on treatment (one
patient was excluded because of TCZ discontinuation) at
baseline and 8 weeks after the initiation of TCZ therapy.
Disease activity was improved in all patients but one. As
expected, a highly significant reduction of acute phase
reactants, ESR and CRP, were observed from baseline to
8 weeks. Significant reductions were observed for CDAI
and its components (table 2). Out of 14 patients, 10 of
them were categorised as responders (CDAI low disease
activity or remission) and 4 of them as non-responders
(CDAI moderate or high disease activity). No differ-
ences were observed between ACPA positive and negative
patients.

A significant reduction in the global synovitis score was
observed (median (IQR):5 (4-6)-1 (0—4), p=0.001). This
significant reduction was observed in the responders’
group (median (IQR): 5 (2.75-6.25)-1 (0-2.5), p=0.007).
In non-responders, a numerical but not statistically signif-
icant reduction was observed (median (IQR): 6 (4.5-
8.25)-2.5 (0.25-5.5), p=0.07).

We observed a significant decrease in the number of
synovial T cells, as evaluated by CD3 staining (figure 1).
After stratification according to the clinical response,
this significant effect of treatment on synovial T cells
was present only in the responders' group. No signifi-
cant reduction of macrophages or B cells was observed,
neither in the whole group nor in the responders/non-
responders (figure 1).

Effects of TCZ on synovial protein citrullination

A significant reduction was observed in the binding of
one ACPA clone (1325:04C03) to the synovial tissue after
TCZ treatment, especially in patients achieving good
response, whereas binding of the other tested ACPA
cloned (1325:01B09) remained unaffected (figure 2). No
significant changes were observed in the expression of
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Baseline Week 8 P-value
. All patients (N=14) 2(1-3) 1(0-2) 0.04
CD3 - Responders (N=10) 2 (1-3) 1(0-2) 0.04
- Non-responders (N=4) 1.5 (1-2.75) 1.5 (0.25-2.75) 0.66
All patients (N=14) 2(1-3) 2(0.75-3) 0.41
- Responders (N=10) 2 (1-3) 2 (1-3) 0.49
CD68
- Non-responders (N=4) 2 (1-3) 1.5(0-3) 0.59
All patients (N=14) 0(0-2) 0.5(0-2) 0.59
cD20 - Responders (N=10) 0.5(0-2) 1.5 (0-2.25) 0.19
- Non-responders (N=4) 0(0-2.25) 0(0-0.75) 0.66
Figure 1 Effect of tocilizumab on cell populations in synovial biopsy samples obtained from patients with active rheumatoid

arthritis prior to and 8 weeks after initiation of tocilizumab. Immunohistologic findings for T cells (CD3), macrophages (CD68)
and B cells (CD20) in representative synovial tissue samples are shown. Results of semiquantitative evaluations were obtained
in 14 paired samples (obtained at baseline and week 8). Values are shown as median (IQR) in the table for all patients and
stratified according to clinical response (Clinical Disease Activity Index remission/low disease activity vs Clinical Disease
Activity Index moderate/high disease activity at week 8). The changes in median score from baseline to week 8 were compared

by Wilcoxon’s matched pairs signed-rank test.

the PAD-2 and PAD4 enzymes (figure 2). After stratifica-
tion based on seropositivity no differences were observed
between seropositive and seronegative patients.

Immunomodulatory effects of TCZ on proinflammatory serum
cytokines and chemokines

TCZ treatment significantly increased IL-6 and soluble
free RANKL serum levels, while serum levels of IL-8
and OPG remained unchanged (table 3). This increase
was statistically significant in patients who responded to
TCZ (achieving CDAI low disease activity or remission)
but not in non-responders (table 3), and in patients
on concomitant GCs (median (IQR) serum level=0.11
(0.07-0.32)-0.21 (0.18-0.39), p=0.01) but not in those
without (median (IQR) serum level=0.15 (0.03-0.25)—
0.16 (0.11-0.59), p=0.23).

We have also analysed RANKL and OPG expression in
the synovial tissues using IHC, where we did not detect
a difference in response to TCZ treatment (figure 3).
Notably, in spite of the increase of circulating RANKL
levels, the bone resorption marker CTX-II was not altered
significantly in response to TCZ therapy (table 3).

DISCUSSION

The exact molecular mechanism of action for TCZ in
synovium and peripheral blood is not fully understood,
although its effectiveness is well established. In this study,
we could show that treatment with TCZ significantly

reduced the grade of synovial inflammation and the
number of synovial tissue T cells. This was observed in
the responders but not in non-responders and in both
ACPA-positive and negative patients. Ducreux et al have
previously described a significant decrease in the expres-
sion of T-cell activation genes in the RA synovium, as well
as a significant decrease in synovial T cells.!” It is inter-
esting to note that IL-6 was originally described as T-cell
activation factor."® Our data further support the hypoth-
esis that T-cell activation is a major target of IL-6 receptor
(IL-6R) blockade, something that could have potential
prognostic value of TCZ treatment in RA. Patients who
responded to treatment had a higher expression of T
cells at baseline, although not statistically significant. The
lack of statistical significance could be due to lack of true
difference, but could also be due to the lack of power, so
the risk of type II error might exist.

Unexpectedly, no significant reduction in macro-
phages was observed. In the study by Ducreux et al, a
significant reduction of CD68+ cells was observed, in
contrast to our study, although the reduction was not as
striking as of CD3+ T cells.'” CD68+ macrophages in the
sublining layer in synovial tissue have been shown to be
one of the best activity markers for RA and the optimal
indicator of effective therapy.w_21 There is evidence
that there are different macrophage subpopulations in
the human synovium with the potential to contribute
either to joint homeostasis or to chronic inflammation in
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Baseline Baseline Week 8 P-value

g All patients (N=14) 1(0-1) 0 (0-1) 0.025

g - Responders (N=10) 0.5 (0-1) 0 (0-0) 0.04

© - Non-responders (N=4) 1.5(1-2) 1.5 (0.25-2) 0.32
All patients (N=14) 2(12) 2(12) 0.20

[=r]

% - Responders (N=10) 2 {2-2) 2 (1-2) 0.34

o

o - Non-responders (N=4) 2 (0.5-2) 2{0.5-2) 0.32

N W ﬁ : All patients (N=14) 3(2-3) 2(1.5-3) 0.16

] B Ny

g f ";&f“ - Responders (N=10) 2.5(2-3) 2 (1.75-3) 0.32
- Non-responders (N=4) 2.5(2-3) 2 (0-2) 0.32
All patients (N=14) 2 (2-3) 2 (2-3) 0.37

‘éf - Responders (N=10) 2 (2-3) 2 (2-3) 0.16

& 2.5(1.25-3) 0.56

;-& Non-responders (N=4) 2 (2-2)

7 o W 1
L *TRd. gk »..., ey --f

Figure 2 Effect of tocilizumab on citrullination in synovial biopsy samples obtained from patients with active rheumatoid
arthritis prior to and 8 weeks after initiation of tocilizumab, as assessed by expression of citrullinated peptides (1325:higG
C03 and 1325:B09) and PAD-2 and PAD-4 enzymes. Immunohistologic findings in representative synovial tissue samples are
shown. Results of semiquantitative evaluations were obtained in 15 paired samples (obtained at baseline and week 8). Values
are shown as median (IQR) in the table for all patients and stratified according to clinical response (Clinical Disease Activity
Index remission/low disease activity vs Clinical Disease Activity Index moderate/high disease activity at week 8). The changes
in median score from baseline to week 8 were compared by Wilcoxon’s matched pairs signed-rank test. PAD, protein arginine

deiminase.

RA.%? Discrimination of these two different populations
would be of importance, and could potentially explain
the lack of significant reduction in the total population
of macrophages in our study. Another possible explana-
tion about the lack of significant effect of the treatment
on macrophages could be the timing of the second
synovial biopsy. We usually evaluate the clinical effect
of a bDMARD after 3 months of therapy. However, it is
well-known that the majority of the bDMARDs, with the
exception of rituximab and abatacept, are associated
with rapid improvement, both on a clinical and on a
molecular level. Infliximab has been shown to reduce T
cells in synovial biopsies taken 4 weeks after treatment.”*
In another study of infliximab versus placebo in which
24 patients with active RA underwent arthroscopy and
biopsy before, and 48 hours after infliximab, revealed a
significant reduction in CD68 intimal macrophages, as
well as a non-statistically significant reduction in CD68
macrophages, T cells and plasma cells in the sublining."!
Taking into consideration the results of the studies above,
it is less likely that the 8 weeks time-point is too early to
observe a significant reduction of macrophages.

ACPAs comprise a collection of antibodies with
different specificities towards citrullinated (cit)-epitopes.

Although some level of cross-reactivity has been described
for the monoclonal ACPAs used in the present study, both
are characterised by several unique reactivities (eg, cit-
vimentin at regions 2-17 or 60-75 for 1325:04C03 and cit-
fibrinogen at regions 36-52 or 563-583 for 1325:01B809)."
It was previously shown that 1325:04C03 could bind to
osteoclast precursor cells and enhance osteoclastogen-
esis and bone resorption,25 whereas 1325:01B09 reacted
with synovial fibroblasts.”® In our study, we could observe
a significant reduction in the binding of 1325:04C03 to
the synovium after TCZ treatment, whereas 1325:01B09
binding remained unchanged. TCZ therapy could there-
fore alter the composition of citrullinated autoantigens
and this might subsequently influence how ACPAs react
with the different synovial cell types. Interestingly we did
not see change in RANKL mirroring and disturbance in
the osteoclast/osteoblast homeostasis.

The quantitative analysis of the levels of IL-6 in serum of
patients before and after treatment revealed a significant
increase of the levels of IL-6 in patients who responded
to treatment with TCZ. Similar results with increase in
IL-6 were observed in previous studies.?” *® The mecha-
nism (s) behind this effect is not known. TCZ is a compet-
itive inhibitor of soluble as well as membrane bound
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Table 3 Median (IQR) values of IL-6, IL-8, CTX-Il, RANKL and OPG serum levels at baseline and 8 weeks after initiation of

TCZ treatment
Baseline Week 8 P value

IL-6 (pg/mL)

Total 9.1 (1.1-14.8) 34.2 (25.4-51.9) 0.001

Responders 3.6 (1.2-10.7) 33.7 (20.2-47.8) 0.005

Non-responders 16.9 (13.4-20.8) 34.2 (32.0-48.3) 0.068
IL-8 (pg/mL)

Total 15.3 (11.5-20.1) 15.3 (12.8-21.5) 0.638

Responders 14.6 (10.2-20.1) 15.8 (11.2-21.5) 0.445

Non-responders 19.1 (14.2-23.2) 15.3 (13.6-35.5) 1.000
RANKL (pmol/mL)

Total 0.11 (0.05-0.25) 0.20 (0.15-0.38) 0.013

Responders 0.09 (0.05-0.27) 0.21 (0.18-0.38) 0.008

Non-responders 0.18 (0.05-0.28) 0.15 (0.08-0.69) 0.465
OPG (pmol/L)

Total 7.04 (5.04-9.79) 7.20 (5.28-8.65) 0.272

Responders 7.33 (5.04-10.25) 7.20 (5.28-8.65) 0.285

Non-responders 6.62 (4.79-9.14) 6.39 (4.57-8.89) 1.000
CTX-Il (ng/mL)

Total 1525.1(1178.4-1672.6) 1715.1 (1393.1-2660.1) 0.433

Responders 1518.0(1172.3-1647.9) 1782.54(1310.6-2668.3) 0.169

Non-responders 1598.8(1369.9-3242.6) 1579.18(1420.0-2600.2) 0.465

CTXII, C-terminal crosslinked telopeptide type Il collagen; IL-6, interleukin-6; IL-8, interleukin-8; OPG, osteoprotegerin; RANKL, receptor

activator for nuclear factor-«xB ligand.

IL-6 receptors. The cellular effects of IL-6 are medi-
ated through the IL-6R and thus blocking the receptor
hinders IL-6 from exerting its proinflammatory effects.
Increased serum IL-6 after TCZ administration might be
caused by inhibition of IL-6R-mediated clearance, and
this free IL-6 cannot induce intracellular signals because
IL-6R is occupied by TCZ.

An unexpected but unique finding was the significant
increase of free soluble RANKL levels in the sera of TCZ-
treated individuals, especially in the group of responders.
There are no other studies on RANKL changes after
TCZ treatment. Previous studies have shown reduction
in the levels of RANKL in serum of patients with RA
with various DMARDs.? In our study, this significant
increase in RANKL was observed in the subgroup of
patients treated with GCs. However, the small number of
patients does not allow us to draw any safe conclusions
from the subgroup analysis. IL-6 is a key molecule in
driving osteoclastogenesis and bone resorption. RANKL
is induced by IL-6 in mesenchymal cells, which promotes
osteoclast activation, and IL-6 also influences T lympho-
cytes to support osteoclastogenesis.”’ Previous data have
shown that the complex of IL-6 with IL-6R is effective
in inducing osteoclast formation, but not IL-6 or IL-6R
alone.® In an older study by Axmann et al, IL-6R blockade
inhibited inflammatory bone erosion through direct
interference with osteoclast formation independently of

its anti-inflammatory activity.32 This has been confirmed
in TCZ-treated patients with RA.** The increase seen
in RANKL levels after treatment could imply a RANKL-
independent mechanism of inhibition of structural
damage in RA. This however remains a speculation. At
the same time, the OPG and the OPG-bound RANKL are
in high excess compared with the free RANKL, which
means that even a small change in OPG concentration
would have significant impact in the RANKL.

Three distinct histomorphological patterns of RA syno-
vitis have been described: follicular, diffuse and pauci-
immune. Immunophenotypic characterisation of these
three histomorphological patterns demonstrates B cells
principally in ‘follicular’ synovitis but absent/low in
the ‘pauci-immune’ and ‘diffuse’ pathotypes, the latter
predominated by CD68+ monocytes.” In this study, we
tried to categorise patients in the ‘follicular’ pattern
(N=8) versus the two other patterns combined (N=6)
at baseline, but we could not observe any correlation
to treatment response (data not shown). Interestingly,
in the first-ever biopsy-based randomised controlled
trial in RA, in patients histologically classified as B-cell
poor, there was no statistically significant difference in
the primary endpoint (50% improvement in CDAI50%
from baseline) between the rituximab-treated group and
the TCZ group. However, in the synovial biopsies classi-
fied as B-cell poor with RNA sequencing the TCZ group
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Baseline Week 8 P-value
Baseline

All patients (N=14) 2 (2-3) 3(2-3) 0.33

- Responders (N=10) 2 (2-3) 3(2.25-3) 0.49
OPG

- Non-responders (N=4) 2 (1.75-2.25) 2(2-2.25) 0.90

All patients (N=14) 2 (2-1) 2(2-3) 0.82

- Responders (N=10) 2 (2-2) 2.5(2-3) 0.23
RANKL - Non-responders (N=4) 2.5(2-3) 2 (1.75-2.25) 0.90

All patients (N=14) 1(1-1) 1(1-1.38) 0.54

RANKL/OPG
- Responders (N=10) 1(1-1.38) 1(1-1.38) 0.75
- Non-responders (N=4) 0.83 (0.63-1) 1(1-1.25) 0.37

Figure 3 Effect of tocilizumab on expression of RANKL and OPG in synovial biopsy samples obtained from patients with
active rheumatoid arthritis prior to and 8 weeks after initiation of tocilizumab. Immunohistologic findings in representative
synovial tissue samples are shown. Results of semiquantitative evaluations were obtained in 15 paired samples (obtained at
baseline and week 8). Values are shown as median (IQR) in the table for all patients and stratified according to clinical response
(Clinical Disease Activity Index remission/low disease activity vs Clinical Disease Activity Index moderate/high disease activity
at week 8). The changes in median score from baseline to week 8 were compared by Wilcoxon’s matched pairs signed-rank
test. OPG, osteoprotegerin; RANKL, receptor activator for nuclear factor-xB ligand.

had a significantly higher response rate compared with
the rituximab group for CDAI50% (rituximab group
12 (36%) of 33 patients vs TCZ group 20 (63%) of 32
patients; difference 26% (2 to 50), p=0-035)."" Since
the synovium is the ultimate target of RA, it is very likely
that we could identify potential treatment biomarkers.
Indeed, in the study mentioned above, in patients with
RA with low or absent B-cell expression in the synovium,
TCZ seems to be more effective than rituximab, a B-cell
depleting agent. The absence of a significant biomarker
associated to TCZ treatment response in our study could
be due to the limited number of patients recruited.

The biggest limitation of this study is the small patient
population and the heterogeneity with regard to disease
duration and prior treatments. On the other hand this
is one of the few studies on the effects of TCZ on syno-
vial citrullination and inflammation with paired samples
from synovium. It is based on a real-life patient popula-
tion receiving TCZ treatment in clinical practice. Valida-
tion of these results in other cohorts is needed.

CONCLUSIONS

IL-6R blockade reduces synovial T-cell counts, espe-
cially in patients who respond to therapy, suggesting
that T-cell activation is a major target of IL-6R blockade.
Interestingly, no effect on the number of macrophages
was found. A significant increase of serum IL-6 was
observed in responders, suggesting a direct effect
of IL-6R blockade and a possible monitoring tool of

treatment effectiveness. IL-6R blockade leads to signif-
icant decrease in specific antigen citrullination but not
overall change in citrullination-mediated enzymes or all
antigens.
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